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© Viral-safe purified human thrombin. 

® A virai-safe highly purified human thrombin is 
prepared by a commercial-scale process utilizing 
antiviral agents Integral to a purification scheme em- 
ploying ion exchange mass capture and S-sepharose 



affinity chromotography. The resultant thrombin 
product is therapeutically acceptable for human ad- 
ministrations. 
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Field of the Invention 

The present invention relates to the purification 
of human thrombin. More sp cifically it relates to 
the purification, and recovery of human thrombin s 
produced in commercial-scale quantities for use as 
a therapeutic agent in several human applications. 



Background of the Invention 

Thrombin is a highly specific enzyme catalyz- 
ing the proteolytic cleavage of fibrinogen to fibrin in 
blood congulation. Thrombin is also involved in 
cleavage of a 37 residue amino acid peptide from 
Factor XIII which, upon activation, catalyzes forma- 
tion of the intramolecular gamma-glutamyl-lysine 
bridges cross-linking fibrin molecules. Thrombin is 
generated from its precursor prothombin, and sev- 
eral molecular forms (depending on the extent of 
cleavage) have been identified. If available, 
therapeutically purified human thrombin would have 
many beneficial applications. For example, human 
thrombin can be effectively used as a topical agent 
to promote coagulation. It can be incorporated into 
a polymer structure for use as a wound dressing. A 
still further application is in compositions known as 
fibrin glue in which thrombin and fibrin contained in 
separate capsules are combined for immediate ap- 
plication to fresh wounds, particularly surgical inci- 
sions. 

Bovine thrombin was first purified in analytical 
quantities by Rasmussen utilizing an ion exchange 
resin IRC-50 (P. S. Rasmussen. Biochem. Biophys. 
Acta , 16. 157 (1955). Strassle, et ah. Biochem. 
B'Qphys. Acta . 73. 462 (1983) purified thrombin on 
DEAE-cellulose to obtain a preparation of high spe- 
cific activity (2100 NIH units/mg), and also discov- 
ered that such high specific activity could be at- 
tained if the thrombin was first produced from its 
zymogen. 

Conversion of prothrombin to thrombin by prot- 
eolysis is dramatically increased in the presence of 
a phospholipid bilayer. calcium ions, and Factor V. 
For a general review of the biochemistry of throm- 
bin formation, see Bloom & Thomas. Hemostasis 
and Thrombosis . 2 ed.. (Churchill Livingstone. 
1987). Accordingly, purification schemes in which 
the thrombin is derived from proteolytic conversion 
of prothrombin must include factors promoting 
such conversion. Alternatively, the lipoprotein 
thromboplastin may be utilized to activate Factor 
VII which in turn catalyzes formation of the Factor 
Xa mediating conversion of prothrombin to throm- 
bin. 

Other purification techniques are known in the 
art. Thompson & Davie, Biochem. Biophys. Acta. 
250, 210 (1971) purified thrombin by affinity 
chromotography on p-chlorobenzylamino-e- 
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aminocaproyl agarose. Schmer. Hoppe-Sejler's. Z. 
Physiol. Chem. , 353, 810 (1972) utilized a conT- 
bination of ion exchange and affinity chromatog- 
raphy. All of these methods involve purification of 
thrombin from bovine plasma, which is a readily 
available and inexpensive source for analytical 
study. 

There are. of course, serious limitations to the 
use of bovine thrombin in human therapeutic ap- 
plications. First, the impurities present in bovine 
preparations include bovine proteins which are an- 
tigenic. Secondly, bovine thrombin itself, like other 
proteins of animal origin for which a homologous 
human species exists, may cause anaphylactic re- 
actions, even when applied topically (see Thrombo- 
sis Research . 53, 277 (1989). The lack of a high 
purity preparation of human thrombin has frustrated 
attempts to use thrombin as a local hemostat in 
eye surgery (see Aaberg, Am. J. Opthomology , 
106, 485 (1988), because of adverse reactions. 

In the field of the purification of human throm- 
bin, which differs molecularly from the bovine 
equivalent, less research has been done. At 
present there are two basic approaches to purifica- 
tion. One approach was developed by Fenton, et 
aJ., Chemistry and Physiology of Human Plasma, 
ed. D. H. Bing, Pergammon Press: NY (1979). 
utilizing polymethyl acrylic acid which reportedly 
has a quantitative adsorption affinity for thrombins 
and can be used to selectively separate the beta 
and gamma species of thrombin from the alpha 
species. As noted by this investigator, human 
thrombin obtained in this procedure tends to be 
unstable and very prone to autolytic degradation. 

The second basic approach utilizes a sulfated 
polysaccaride matrix to selectively sorb thrombin, 
Lundblad, Biochemistry , 10. 2501 (1971). While this 
matrix yields a thrombin product of high specific 
activity, the use of the sulfated Sephadex® matrix 
is unsuitable for production of therapeutic-grade 
thrombin. The Sephadex® derivative is a fine pow- 
der with the adverse characteristic of wide fluc- 
tuations in swelling and shrinking under various 
solvent conditions. It is also very difficult to prevent 
contaminating powder fines from being introduced 
into the final product. 

Other purification methods have been reported 
more recently. Mullen and Yu, J. Chromatography, 
359, 351 (1986) describe a method of purifying 
thrombin on cross-linked polystyrenes modified 
with L-arginyl methylester which mimics the em- 
zymatic binding of thrombin substrates. The meth- 
od is particularly advantageous for analysis of very 
small amounts of thrombin prone to degradation. 
An improved purification technique was reported by 
Nordenman et al.. Thrombosis Research, 11, 799 
(1979) involving affinity chromatography on heparin 
immobilized onto agarose. The thrombin product 
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appeared to be of greater purity upon elec- 
trophoresis than that obtained by some previous 
methods, but there was no indication that this tech- 
nique or that described by Muller and Yu can be 
adapted to large-scale production. 

Summary of the Invention 

The present invention relates to a viral-safe 
therapeutic thrombin for use in treating humans, 
and a process for isolating same. The therapeutic 
thrombin is characterized in being substantially 
homogeneous, having less than 10 pg total nucleic 
acids per dose, having low levels of other blood 
coagulation factors, inactivated thrombin, and prot- 
hrombin fragments, having an acceptably low level 
of viricidal agents, having a high specific activity, 
and being substantially nonpyrogenic. It Is con- 
templated that the process be readily adaptable to 
large-scale production. Accordingly, it is an object 
of the present invention to utilize only those pro- 
cess steps which are capable of being scaled up to 
commercial levels. It is a further object to produce 
a therapeutic-grade thrombin product suitable for a 
wide range of medical applications. A still further 
object is to produce a purified thrombin product 
which is stable and will not lose specific activity 
through autolytfc or other enzyme degradation. 

The process of Isolating the therapeutic-grade 
thrombin comprises: 

a) sorbing the prothrombin complex proteins 
onto a first mass capture means and washing to 
remove contaminating proteins in a liquid phase; 

b) eluting the prothrombin complex proteins 
from the first mass capture means; 

c) converting substantially all of the prothrombin 
contained in the plasma fraction to thrombin In 
the presence of a plasmin inhibitor; 

d) treating the thrombin so formed with a 
viricidal agent; 

e) sorbing the thrombin onto a second capture 
means and equilibrating with a physiologic buff- 
er which promotes the binding of thrombin and 
inhibits the binding of contaminants, and wash- 
ing with the buffer; 

f) eluting the thrombin from the second capture 
means with a second physiologic buffer; and 

g) optionally further processing the thrombin by 
admixing with other physiologic substances to 
facilitate its intended particular use, concentrat- 
ing by lyophilization, ultrafiltration, sedimenta- 
tion, or other means, and storing at a permissive 
temperature to optimize stability. 

In the practice of the present process, it is to 
be emphasized that all substances contacting the 
thrombin must be of physiologic suitability, so that 
the criteria of the U.S. Food and Drug Administra- 
tion for therapeutic-grade medical biologies are 
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met. 

Brief Description of the Drawings 

Figure 1a and b are rectilinear plots of the 
profiles of the reverse-phase chromatography of 
human thrombin. 

Detailed Description of the Preferred Embodiment 



The term "therapeutic", as it relates to throm- 
bin, means that the substance when purified will 
conform to the standards of purity and identity 
required by the U.S. Food and Orug Administration 
is for biologies intended for human applications. 

A substantially stable therapeutic-grade human 
thrombin in a therapeutically effective quantity has 
the following general properties: 
1) being substantially viral-safe; 
20 -2) having a total nucleic add content of less 
than 10 pg per therapeutic dose; 

3) being substantially homogeneous; 

4) being substantially nonpyrogenic; and 

5) having a specific activity of greater than 2200 
25 NIH units/mg protein. 

More specifically, therapeutic thrombin is char- 
acterized by the following criteria: 

1) substantial homogeneity when analyzed by 
SDS polyacrylamide gel electrophoresis, C 3 - 

30 HPLC chromatography, and immunodiffusion; 

2) total nucleic acid content of less than 10 pg 
per therapeutic dose; 

3) contamination by blood coagulation Factors 
VII, IX and X of less than 1 percent by weight in 

35 the aggregate; 

4) a level of inactivated prothrombin of less than 
0.1 percent; 

5) a level of inactive prothrombin fragments of 
less than 5.0 percent; 

40 6) residual viricidal agent content of less than 
50ppm; 

7) a specific activity ranging minimally from 
2200 NIH units per mg protein to about 3200 
NIH units per mg protein; 
45 8) substantial nonpyrogenicity as determined by 
the limulus amoebocyte lysate (LAL) test; and 
9) being substantially free of envelope viruses, 
by use of a viricidal agent capable of causing 
minimally 7 logs reduction in viability in spiking 
so experiments. 

The thrombin must be obtainable in sufficient 
large-scale quantities to be practicable and eco- 
nomical in medical applications. 

In preparing the thrombin of the present inven- 
55 tion the plasma fraction which contains native 
thrombin and prothrombin is contacted with ' an 
ionic species conjugated to a solid matrix under 
conditions which favor binding thereto of thrombin 
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and its zymogen. The starting material can be any 
human plasma or fraction thereof which contains 
the proteins of interest. Typically, a cryopoor frac- 
tion from which the coagulation Factor VIII.C has 
already been removed is utilized for economical 5 
and strategic reasons. After adsorption the matrix is 
extensively washed with a buffer to remove con- 
taminating proteins and other substances which do 
not bind the matrix under the conditions selected. 

In the preferred embodiment. DEAE w 
(diethylamlnoethyl-)-cross-linked agarose is the 
matrix utilized for the mass capture step because 
of its excellent fast flow properties and binding 
capacities. A form of DEAE-cross-linked agarose 
having a very large number of binding sites is ;s 
selected to optimize protein recovery in 
commercial-scale production. 

Other materials useful for initial mass capture 
include virtually any of the commercially available 
anion exchange celluloses and agaroses including 20 
polysulphated agaroses, specifically including but 
not limited to QAE (quaternary amine) derivatives, 
DEAE (diethylaminoethyl) derivatives. Ecteola 
(epichlorohydrintri- ethanolamine), TEAE 
(triethylaminoethyl) derivatives. and AE 25 
(aminoethyl) cellulose. Fine tuned adjustments in 
binding and eluting parameters for each of these 
ion exchange materials will be apparent to those 
skilled in the art. Excluded from this list are all 
organic-based resins, the use of which would rule 30 
out therapeutic applications. 

Sepharose® derivatives are distinctly preferred 
over the corresponding Sephadex® derivatives uti- 
lized in the prior art. because of adverse swelling 
and shrinking properties of Sephadex®, and its 35 
propensity to shed non-filterable particle fragments 
into the elution buffer. In contrast, Sepharose® 
does not shrink and expand with changes in buffer 
composition, and the 2.3 dibromopropane cross- 
linked agarose does not exhibit the tendency to 40 
shed fragments as does the cross-linked dextrans 
comprising Sephadex®. 

The mass capture step has two basic func- 
tions. One function is to effect partial purification. 
The other function is to permit, upon elution, con- 45 
centration of the prothrombin complex into smaller, 
easy to manage volumes for subsequent process 
steps. In additon. cold activation of prothrombin 
may be carried out while it is adsorbed onto the 
mass capture means. 50 

In the conversion of prothrombin to thrombin, 
the mass capture eluate comprising a mixture of 
thrombin, prothrombin, and Factors II, VII, IX. and 
X, generally referred to as the prothrombin com- 
plex, is combined with phospholipids, a source of 55 
calcium ions such as calcium chloride and throm- 
boplastin, and incubated for up to several hours at 
about room temperature. The phospholipids may 



be a mixture of phosphotidyl serine and 
phosphotidyl choline, or commercial phospholipid 
preparations such as Centrolex P®. The throm- 
boplastin is preferably of human origin, to avoid 
possible viral contamination from an animal brain 
source. The most preferred thromboplastin is ob- 
tained from recombinant DNA technology. 

Conveniently, the viricidal detergents are ad- 
ded immediately following the conversion reaction. 
Such detergents disrupt the lipid components of 
envelope viruses, thereby inactivating them. In the 
preferred embodiment Triton X-100 (1 percent final 
concentration) and Tween 80 (0.3 percent final 
concentration) are combined with an organic sol- 
vent such as tri-n-butyl phosphate (final concentra- 
tion 0.3 percent) to inactivate viruses, although 
other detergents and combinations thereof may be 
utilized. The so-called chaotropic agents may also 
be used advantageously in inactivating viruses pro- 
vided their use does not result in loss of thrombin 
specific activity. 

The conversion reaction also includes a 
plasmin/plasminogen inhibitor such as transexamic 
acid. 6-aminohexanoic acid, and related agents. 
Inclusion of these agents increase yield and spe- 
cific activity of the thrombin preparation for reasons 
not altogether clear. The inhibitor naturally reduces 
plasmin-catalyzed degradations, but also unexpect- 
edly contributes to increased stability of the final 
product and appears to minimize proteolysis. 

Upon completion of the conversion reaction 
and viral inactivation. the thrombin is contacted 
with a sulfalkyl-cross-linked agarose as a second 
mass capture means, which readily binds it at 
negative pH. This is surprising in that thrombin 
itself is negatively charged in the pH range of 
optimum binding, and therefore could be expected 
to be repelled by the gel. The sulfalkyl cross-linked 
agaroses thus appear to possess specific affinity 
properties for thrombin. In the preferred embodi- 
ment of the present invention, sulfopropyl 
Sepharose® (S-Sepharose®) is selected for its uni- 
form bed size under various buffer conditions, its 
homogeneity of structure, excellent flow properties 
and adsorptive capacity. Other means exhibiting 
affinity properties for thrombin include sulfopropyl- 
Sephadex®! sulfolated celluloses, dextran sulfate 
agarose, and heparin agarose. 

In contacting the thrombin preparation with the 
second mass capture means, it is advantageous to 
dilute first with a physiologically compatible buffer. 
The buffer selected must promote binding of the 
thrombin and also aid in the elimination of impuri- 
ties during washing. The contacting step may be a 
batch procedure, or conveniently take place in a 
vertical column or cartridge. In the batch mode, a 
centrifugation or filtration step is necessary to sep- 
arate the gel-bound thrombin from the supernatant. 
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The buffers utilized in the elution of thrombin from 
the second capture means are physiolgically com- 
patible for therapeutic applications and have a pKa 
of 5.5 to 7.5. Elution with a solution buffered with L- 
hlstidine or imidazole is preferred. 

Upon elution from the second capture means, 
the thrombin may be futher processed by con- 
centration through lyophilization, ultrafiltration, or 
other conventional method. Stability of the final 
product is enhanced by inclusion of human al- 
bumin, hydroxyethyl starch, dextran, or combina- 
tions thereof as a carrier in the range of 1 - 3 
percent w/w. The albumin must, of course, be of 
therapeutic quality. Finally, the thrombin is pack- 
aged in drug vials in one or a plurality of doses, or 
placed in other such container as may be utilized 
in specialized applications. Further advantages of 
the present invention will be apparent from the 
Examples which follow. 

Example 1 

200 mis of cryopoor human plasma are diluted 
threefold in 200 mM imidazole, 20 mM sodium 
citrate, 10 mM sodium chloride buffer pH 7.2. The s 
diluent is applied to a column packed with DEAE- 
agarose or Sepharose® and washed exhaustively 
with the same buffer. Elution is accomplished with 
20 mM imidazole, 20 mM citrate, 100 mM sodium 
chloride at pH 6.5. To the eluate (0.4 volume) is 3 
added 0.2 volume freshly prepared Centrolex P 
(Central Soya) (0.1 percent suspension in 0.15 M 
NaCI), 0.1 volume thromboplastin (Rabbit Brain 
Thromboplastin, Baxter International lnc7Dade) 
0.04 volume 0.5 M transexamic acid, 0.01 volume a 
IDM calcium chloride, 0.05 volume 1.0M Tris pH 
8.0, 0.05 volume 3.0 M NaCI and 0.15 volume 
distilled water. After incubation at 25 "C for 30 to 
60 minutes a twofold molar excess (with respect to 
calcium chloride) of solid ethyienediaminetetracetlc 4c 
acid is added. Conversion of prothrombin to throm- 
bin is monitored by a fibrinogen clotting assay. 
This is followed by addition of 13 ml 
solvent/detergent mixture (final concentrations 1 
percent Triton X-100. 0.3 percent Tween 80 and 45 
0.3 percent tri-n-butyl plosphate respectively). After 
incubation at 25 *C with stirring for 1 hour, the 
mixture is applied to a column packed with S- 
Sepharose® previously equilibrated with 25 mM L- 
histidine. 25 mM NaCI pH 6.5. After washing re- so 
peatedly. the thrombin is eluted with 25 mM L- 
histidine. 300 mM NaCI pH 6.5. 

The thrombin product so produced had a spe- 
cific activity of approximately 2400 NIH units/mg 
protein, is virus-safe, and contains only physiologi- 66 
cally compatible substances. 



Th purity of the thrombin prepared according 
to the method of Example 1 was evaluated utilizing 
r verse-phase chromatography, an extremely sen- 
sitive technique developed for this purpose. The 
6 technique was adapted from a method described 
by Litwiller et at., Analytical Biochemistry, 158, 355 
(1986), and utilized a C 3 column as matrix with an 
acetonitrile gradient in aqueous trifluoroacetic acid. 
An Ultrapore RPSC column, 4.6 x 75 mm 
10 (Beckman Instruments), was selected for these 
studies. A two buffer system utilized a duaJ-pump 
HPLC apparatus (Isco Instruments). Buffer A was 
0.1 percent (v/v) trifluoroacetic acid (Pierce Chemi- 
cal Company) in deionized water, and Buffer B was 
/5 HPLC grade acetonitrile. The gradient is 20 percent 
A to 50 percent A over 30 minutes at a flow rate of 
1.0 ml/minute. 

Typical chromatograms of products prepared 
by the present method are shown in Figure 1. 
?o Figure 1A reveals a very small leading peak repre- 
senting minor contamination of the thrombin by 
beta and gamma thrombin. The major peak cor- 
responds to the position occupied, by alpha throm- 
bin. Figure 1B shows a minor contamination by 
>5 about 3 percent prethrombfn-2. None of these 
preparations contained other vitamin K dependent 
clotting factors ordinarily found in even highly puri- 
fied thrombin isolated by conventional methods. 
The minor impurities are merely alternate forms of 
0 thrombin itself, and of no adverse signficance 
therapeutically. 

Example 3 

5 The pyrogenicity of thrombin prepared accord- 

ing to the method described in Example 1 was 
evaluated using the bacterial pyrogen test known 
as the limulus amoebocyte lysate assay, U.S. Phar- 
macopeia. XXII, 1990, p. 1493. Thrombin was first 

) inactivated with d-phenylalanyl-L-prolinyl-L-arginyl 
chloromethyl ketone, and diluted to a concentration 
of 1.0 mg/ml In 20mM Tris, 20mM HEPES, 120mM 
NaCI , pH 7.0. The value for the endotoxin limit for 
parenteral drugs (K/M) was calculated for this prep- 
aration according to the LAL Validation Guideline of 
December 1987 issued by the U.S. Food & Drug 
Administration. For a 1 mg/ml sample of thrombin, 
the acceptable endotoxin limit is 5000 EU/mg or 
ml, wherein K is the quantity EU/kg, M is the 
maximum human dose administered in a 1 hour 
period (estimated at 1.0ug/kg), and EU is the 
amount of endotoxin allowed per kg body weight, 
as obtained from the following equation: 

K/M = 5.0 EU/kg 

1.0 ug/kg~="lvlD01 = 5000 EU/mg or ml " 



Example 2 



The endotoxin content of the thrombin determined 
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experimentally was 663 EU/ml, which is w II below 
the allowable level of 5000 EU/ml. 

Legend - Figure 1 

5 

Reverse-phase chromatograms of two prepara- 
tions of human thrombin Figure 1A is 95% alpha- 
thrombin and approximately 5% beta/gamma- 
thrombin. Figure 18 is at least 95% afpha-thrombin 
and perhaps 3% prethrombin-2. w 

Claims 

1- A substantially stable therapeutic-grade human 

thrombin in a therapeutically effective quantity, /5 

a) being substantially viral-safe; 

b) having a total nucleic acid content of less 
than 10 pg per therapeutic dose; 

c) being substantially homogeneous; 

d) being substantially nonpyrogenic; and 20 

e) having a specific activity of greater than 
2200 NIH units/mg protein. 

2. A substantially stable therapeutic-grade human 
thrombin derived from cryopoor plasma after 25 
conversion from prothrombin, said thrombin 

a) being substantially virus-safe; 

b) having a totaJ nucleic acid content of less 
than 10 pg per therapeutic dose; 

c) being substantially homogeneous; 30 

d) being substantially nonpyrogenic; and 

e) having a specific activity of greater than 
2200 NIH units/mg protein. 

3. A substantially stable therapeutic-grade human 35 
thrombin obtained according to a process 
comprising: 

a) incubating a partially purified prothrombin 
complex eluted from a first mass capture 
means with thromboplastin in the presence 40 
of caJcium ions, phospholipids and a plas- 

min inhibitor; 

b) futher incubating in the presence of a 
viricidal agent; 

c) sorbing onto a second mass capture 45 
means and washing with a physiologically 
compatible buffer; and 

d) eluting the thrombin from the second 
mass capture means with a second 
physiologcally compatible buffer. 50 

4. The thrombin of Claim 3 wherein said plasmin 
inhibitor is transexamic or 6-aminohexamin 
acid. 



6. The thrombin of Claim 3 wherein said second 
physiologcially compatible buffer contains L- 
histidine or imidazole as the buffering agent. 

7. A process for production "of a substantially 
stable therapeutic-grade human thrombin com- 
prising: 

a) incubating a partially purified prothrombin 
complex eluted from a first mass capture 
means with thromboplastin in the presence 
of calcium ions, phospholipids and a plas- 
min inhibitor; 

b) futher incubating in the presence of a 
viricidal agent; 

c) sorbing onto a second capture means 
and washing with a physiologically compati- 
ble buffer; and 

d) eluting the thrombin from the second 
mass capture means with a second 
physloloigcaJly compatible buffer. 

a A therapeutic grade thrombin, said thrombin 

a) being substantially homogeneous when 
analyzed by SDS polyacrylamide gel elec- 
trophoresis, C3-HPLC chromatograph, and 
immunodiffusion; 

b) having a total nucleic acid content of less 
than 10 pg per therapeutic dose; 

c) being contaminated by blood coagulation 
Factors VII, IX and X of less than 1 percent 
by weight in the aggregate; 

d) having a level of inactivated prothrombin 
of less than 0.1 percent; 

e) having a level of inactive prothrombin 
fragments of less than 5.0 percent; 

f) having a specific activity ranging mini- 
mally from 2200 NIH units per mg protein to 
about 3200 NIH units per mg protein; 

g) having a residual viricidal agent content 
of (ess than 50 ppm; and 

h) being substantially free of envelop 
viruses. 



5. The thrombin of Claim 3 wherein said second 
mass capture means is a sulfoalkyl cross- 
linked agarose. 
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